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Foreword 

■ •- ' , ; . ' . . 

The relationship between the supply of scientific and engineering manpower and the 
needs of our Society pervade almost all aspects of science policy as well as the planning 
for higher education and for its support. During periods of acute shortages of scientists 
and engineers, definitions of issues are somewhat simpler in that it is evident that overt 
actions have to be takdn to increase this segment of our high-level professional 
population. Furthermore, in the past, steady trends of government support of research 
and development, of student career choices, and of educational patterns made assessment 
of future situations easier. 

However, the situation has changed. We find ourselves in a period of readjustment of 
manpower relationships, student interests, and financial support. While some of these 
changes may well be of a short-range nature, others are unquestionably more fundamental 
and thus of longer duration. Rapid change produces temporary misalignments, doubts, 
and deep concern. Thus, it is especially, .important during such a transition period . to 
prevent exaggerations, to distinguish painful short-term effects from long-range ones 
which may have much greater impact, and to examine carefully various alternatives. It is 
exactly this situation which led the National Science Foundation to initiate this particular 
study of the expected future relationship between the supply and utilization of science 
and engineering doctorates, . 

The NSF has always played a major role in the collection of data and analyses 
related to this Nation’s scientific manpower. On the basis of this experience it was fully 
realized that in projective analyses, such as this pne, no false sense ot precision should be 
attributed to numerical values in view of the limitations of the data and methodologies, 
the complexity of the system, and the unpredictability of future events. However, the 
inherent long-range factors Involved in the training and utilization of doctorate 
manpower, such as the period required to produce a Ph.D, scientist, and the time required 
to achievfe^clranges in uti lization patterns, do make a study of this type meaningful. It can 
produce broad indications of balances or imbalances and can provide insight as to the 
quantitative and qualitative effects of variable parameters. __ 

The year 1980 was selected for the projection in view of the long lead-time involved 
in the process of producing doctoral scientists. Those doctorates produced between now 
and 1980 will constitute the major proporC on of the body of doctorate scientists available 
at that. time. Median elapsed time between the baccalaureate and dpetorate in science is 
now 7-8 years, and the registered time in course and research work is about 5*6 years. 
Furthermore, program revisions, which affect the number of graduate students or the 
average length bf graduate study, are likely to be slow in working through the system, so 
that 10 years or so aqe needed for the full effects to be'apparent. 

w * * 






This study suggests that alternatives will be possible in the 1970’s, which permit the 
utilization of science and engineering doctorates in additional activities for which they are 
well qualified, but for which the supply has been inadequate in the past. These activities 
contribute significantly to our scientific, economic, and social progress. Furthermore, 
these analyses indicate that probably we can only achieve those societal benefits il the 
present trends in doctorate production can be maintained. Thus, the desirability of 
alternative utilization patterns must be carefully examined before any overt steps are 
taken to affect quantitative aspects of graduate education in the sciences. Such steps 
might not only destroy the favorable margins projected here, but may also, disrupt the 
basic production system, which has made this country preeminent in scientific 
development. At the same time, it is clear, not only from this study but also from recent 
experiences, developing societal needs, and student aspirations^ that university programs 
and present degree structures should be carefully reexamined at this time. 

Whi& many staff members of the NSF Planning Organization contributed to these 
analyses, the primary authors of this paper are: C. E. Falk, R. W. Cain, and L. M, 
Hartman. The comments and assistance of J . Lewis, T. J. Mills, K. Sanow, an.! S. Reed, 
were 'especially helpful. We are also grateful to the many individuals who reviewed this 

study and provided thoughtful comments and suggestions; 

Charles E. Falk 

Planning Director 

National Science Foundation 

November 1969 
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Introduction 



Tlie question of supply and demand of doctoral-level scientists 1 plays a central role 
in national science planning. It relates to such issues as*: the amount and utilization of 
future R&D funds, the need to stimulate students to enter the field of science, the 
number and size of graduate schools needed, the type of graduate training required, etc. 
Projections of Ph,D, scientists available 10-15 years from now are likely to correspond to 
the actual future situation, because most are already either in these professions or are in 
the ac lemic On the other hand, it is extremely difficult to predict the 

national demand for these professions. As a matter of. fact, the concept of absolute 
manpower “demand” seems inappropriate. What can be discussed is the expected 
utilization of doctoral scientists with the realization that the magnitude and nature of this ; 
utilization will be affected by the available supply. However, this complex relationship is 
difficult to anticipate. The larger the relative supply, the more varied the types of 
activities for which Ph.D. scientists will be used. Furthermore, in periods of relative short 
supply, some tasks ordinarily undertaken by doctorates will simply not be fulfilled or will 
have to be redesigned so that professionals with lesser ediieationa) background can carry 
cut part of the overall effort, even though generaHyUesseffectively, / 

Because of the constant requests for numericaT^TOjwtidns^ and despite these 
inherent difficulties, an attempt has been made to develop forecasts for the year 1980 in 
order to provide some quantitative indication of the general nature of the probable 
supply -utilization relationship for doctoral scientists and engineers* The year 1980 was 
selected in view of the long time involved in the doctoral scientist production process* 
The median elapsed time between the baccalaureate and doctorate in science is 7-8 years, 
and the registered time in course and research work is about 5-6 years. 

It will be evident from a review of the methodologies and assumptions used that the 
forecasts are characterized by relatively large uncertainties. Thus, no false sense of 
precision should be attributed to the numerical values of the projections. At best, the 
range of numerical values should, be considered as an indication of the extent of any 
future balances or imbalances. r 

Difficult as these utilization and supply projections are for the total doctorate 
group, they are even more difficult to make on a Field of science basis. This is due to the 
fact 1 that on the supply side trends depend on various unpredictable factors, such as 
student interests and concerns, response to feedback from the employment market, 
motivational factors dependent on such considerations as Government support of specific. 




1 The generic term “scientists” Will be used to indicate both scientists and engineers. 



fields of science and technology, etc. In the case of utilization, the field disnibution will 
be affected by the nature of governmental R&Q program!, the development of new and 
diverse industries, student interest in various fields of science (with inherent uncertainties 
just described as part of the' supply situation), etc. Since mosj. of these, factors are 
essentially unpredictable over a 10-year period, no projections by field of science are made 
in this paper; it is believed that 1 such projections would be almost meaningless.. 

The next section summarizes the results of these analyses, as well as giving very 
brief descriptions of the methodologies used. The material is covered in considerably 
more detail in the various appendixes, • \ 
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Summary and Conclusions 



These analyses fore east by 1980 a supply of about 
50,000 science doctorates. Utilization projections have 
teen made or. the basis of recent activity patterns or 
rends. These are considered "basic” or conservative 
J rlnce they reflect a Ph.D. shortage situation and an era 
rbsfactcrizcd by. very tight Federal R&D budgets due to 
in usual, temporary fiscal demands. These “basic,” mini- 
mi utilization levels are projected within a range of 
tboYit ■’?5\00p-. , 00,000 science doctorates, depending 
ipon the methodology used. However, improvements of 
he present situation are quite desirable from a national 
mint of view. Thus, modifications to the "basic” utiliza- 
ion projections were considered which reflect either a 
ccovery of national R&D funding growth rates to those 
xpericnced in the 1953-66 period; increases in doctorate 
o total faculty callus in. post-secondary institutions of 
/ tigher education; increases in the rate of growth of that 
■|iectioir of the Ph.D. population which will be involved in 
lonacadernie, or non-R&D activities; or a combination ^ 
>f ail these factors. Projections based on realization of 
inly several or all of these modifications of the “basic” 
eience doctorate utilization indicate possible 1980 utili- 
ation. levels as high qs about 390,000 doctorates. 

Thus, the expected number of^cience doctorates lies 
hbut half wav between the “basic” and the “improved” 
itilization projections. It would therefore appear that 
aresent and projected trends in Ph.D. production rates 
ire not likely to produce an “over-supply” of doctor- 
lies. On the other hand,, If these supply trends can be . 
Tointalried it % possible to provide some qualitative 
md quantitative improvement in the patterns of utiliza- 
tion ot science Ph.D.’s. , . .. • • 

This analysis points to one very important issue, 
namely tjiat significant numbers jpf Ph.D.’s are likely to 
be engaged in activities which 'are markedly different- 
from those practiced by most present doctorate holders. . 
It Is therefore very important mat new Ph.D.’s be of- 
fered options of graduate' programs including some that 
are most suitable for these new activities. Furthermore, 
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students must not be educated with “false” aspirations 
for solely research careers. This training issue will make 
it necessary for universities to examine their graduate 
programs and probably to develop different and new 
programs for Ph.D.’s who do not intend to enter re- 
search careers. At the same time it is very important that 
society, especially its, academic component, transmit to 
graduate students an awareness that npnresearch careers 
play an important role in both national and scientific 
affairs. ■ 



1968 Supply and Utilization 



It is estimated that, as of January 1968, the number 
of Ph.D.-level scientists employed in various activities in 
the United States was approximately 147,000. This esti- 
mate was calculated from. the numbers of earned doctor- 
ates awarded in the j%ars 1920 through 19,67 from U.S. 
institutions, less attrition caused by death ftiid retire- 
ment, less allowances for those persons (almost entirely 
women) not undertaking a career in science or engineer- 
ing, and less ''allowances for those foreign citizens who 
earned Ph.D.’s in the United States, but subsequently 
left the country, or conversely, came lo the United 
States with foreign doctorate degrees. (See appendix A.) 

Nearly three-fifths J87 ,000) of the 147,000 doctoral 
scientists in j968 were employed by universities and col- 
leges, another one-quarter (39,000) were; in .private in- 
dustry, and the remaining one-eighth were employed by 
government agencies and other organizations (14,000 and 
7 ,000 respectively). 



Projected 1980 Supply 



The magnitude of the group of doctoral scientists 
available in 1980 was determined through an examina- 
tion of the present (1968) group, estimates of death and 
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